Objective: In the present study, cellobiose-[
Introduction
When quantifying the orocaecal transit time (OCTT), the lactulose hydrogen (H 2 ) breath test is the most widespread conventional method.
Comparisons among OCTTs that have been determined in various lactulose H 2 -breath test studies have shown the influence of several intestinal and dose-dependent factors that can cause a large variability of the values (King & Toskes, 1986; Rumessen et al, 1990; Wilberg et al, 1990; Sarno et al, 1993) . The development of noninvasive measuring methods of OCTTs is of great interest, with respect to the most important limitation of lactulose H 2 -breath tests: transit disorders can occur especially after administration of high lactulose dosages (Sarno et al, 1993) . 13 C-labelled glycosyl ureides formed under acidic conditions from reducing sugars and urea were found to be suitable for measurement of OCTTs (Heine et al, 1995) . The molecular bond between the carbohydrate moieties and 13 Curea has been shown to resist enzymatic degradation in the gastrointestinal tract, but to be split exclusively by Clostridium innocuum (Mohr et al, 1999) . This property makes them suitable as markers for OCTT. In our investigations, lactose-[ 13 C]ureide was confirmed to yield reliable results and to avoid the disadvantages of lactulose H 2 -breath tests (Wutzke et al, 1997) . In continuation of these investigations, we synthesized glucose-[ The aim of the present basic research study was to validate the use of two additional 13 C-GU-related ureides as markers for OCTT measurements.
Methods

Synthesis of
13 C-CU and 13 C-GU
The glycosyl ureides were synthesized by acid-catalysed condensation of [ 13 C]urea with the respective sugars cellobiose and glucose according to our method as previously described in detail (Wutzke et al, 1997) . Figures 1 and 2 show the chemical structure of both 13 C-labelled glycosyl ureides used.
At the end of the experimental study after 3 months, the residual [ C-GU was checked again by a Cobas Mira plus Analyser (Roche Diagnostics, Mannheim, Germany) and was found to be 0.17%.
Subjects
Eight healthy adults (four females, four males, age: 22-55 y, body weight: 56-89 kg) volunteered for this study. None of the subjects were receiving any medication or had a history of gastrointestinal diseases. They were in good health throughout the study. Furthermore, none of the subjects regurgitated after having received the sugar ureides.
The testing protocol was approved by the Committee on Ethics of the Faculty of Medicine of the University of Rostock.
Study protocols
Subjects were studied after an overnight fast. All volunteers received a continental breakfast made up of one wheat flour roll, jam, butter, and coffee at 0745. At 6 h after breakfast, all volunteers received an individually standardized regular lunch at 1400. No other food or drink was allowed until 6 h after breakfast.
Baseline breath samples were collected 10 min prior to the ingestion of 13 C-labelled ureides to determine the baseline abundance of 13 CO 2 . During breakfast, 1 g 13 C-CU, corresponding to a 13 C-excess dose of 28.83 mg, was administered as a single oral pulse at 0800.
Two expired breath samples were taken at 30-min intervals over a period of 10 h by direct exhalation into Exetainers TM (Radke et al, 1995; Wutzke et al, 1997 Wutzke et al, , 1999 Leitzmann et al, 1998) .
After 1 week, the same subjects received a pre-dosage of 5 Â 1 g unlabelled CU in 4-h intervals 24 h prior to the repeated administration of 1 g 13 C-CU. The procedure of food intake, 13 C-CU administration, and breath collection were identical with the study that was carried out without predosing.
After 2 weeks, the same subjects repeated the test with 0.57 g 13 C-GU either without or with predosing of 5 Â 0.57 g unlabelled GU.
Analytical techniques
Isotope ratio mass spectrometry. The 13 C-enrichment in breath was measured by isotope ratio mass spectrometry (Tracer mass 20-20, PDZ Europa, Sandbach, UK) as detailed previously (Radke et al, 1995; Wutzke et al, 1997 Wutzke et al, , 1999 Leitzmann et al, 1998) . The precision for 13 C is 0.02%. CO 2 -standard gas (5 vol%) is calibrated to allow delta values to be quoted against the Pee Dee Belemnite standard (Barrie et al, 1989) .
The data were expressed either as enrichment delta 13 C over baseline (DOB) and as percentage dose recovery in breath.
Percentage cumulative 13 C-exhalation. The (Dd 13 C cum ), the isotope ratio of 13 CO 2 standard gas (0.01123), and the body surface area (BSA) in m 2 divided by the 13 C-excess dose (D) in mmol times 10.
I is the 13 C-glycosyl ureide intake, E is the 13 C-enrichment of the urea moiety, n is the number of labelled 13 C-atoms, and MW is the molecular weight.
C-enrichment at time t i and the 13 C zero excess exhalation at time t 0 which is 0.
OCTT. The OCTT was calculated from the interval between 13 C-glycosyl ureide intake after pre-dosing and the detection of a significant and sustained rise of 13 CO 2 in breath of 2 DOB or more (Wutzke et al, 1997).
Statistical analysis. The Friedmann test and the Wilcoxon test were used for statistical analysis.
Results
13
CO 2 -signals were observed in the expired air of eight subjects beginning 5.5 h after 13 C-CU and 13 C-GU administration. The mean maximum 13 CO 2 -enrichment of 12 and 18 DOB, respectively, was reached after 10.0 h and was still detectable after 14 h (Figure 3) .
The predosing of 5 Â 1 g CU and 5 Â 0.57 g GU at 4-h intervals 1 day prior to the C-dose recovery differed significantly between predosing of CU and without predosing (26.575 vs 17.376%; P ¼ 0.018) and between predosing of GU and without predosing (30.379 vs 22.678%; P ¼ 0.025; Figure 5 ).
In the present study, the urinary and the faecal 13 Cexcretion were not analysed.
Discussion
In 1997, our Rostock group described a novel stable isotope breath test using a doubly labelled lactose-[ 13 C, statistically significant OCTT shortening of 1.2 h by using the lactulose H 2 -breath test in healthy adults. The results of this comparison showed that the requirement of relatively high lactulose dosages to obtain reliable H 2 -signals led to accelerated small bowel transit times.
In search of other useful 13 C-labelled glycosyl ureides, we synthesized and investigated 13 C-GU, the key substance of the enzymatic sugar-ureide degradation, and, a lactose- C-CU ( Figure 6 ) for their potential suitability as substrates for evaluation of OCTT for basic research. Attempts of using other related sugars (maltose, trehalose, and mannose) for ureide synthesis failed. The relevance of easy synthesising and validating other 13 C-labelled glycosyl ureides was supported by the Deutsche Forschungsgemeinschaft (DFG). These 13 C-glycosyl ureides are also equipped with the properties of low intestinal absorption, avoidance of fluctuation in osmolarity, and the lacking of enzymatic degradation of the sugar-urea bond in the small bowel (Heine et al, 1995; Wutzke et al, 1997) . In the present study with 13 C-CU and 13 C-GU, 13 CO 2 -enrichment in the expired air reflected the microbial degradation of both substrates. The predosing with the unlabelled glycosyl ureides CU and GU prior to the ingestion of the respective 13 C-labelled substrates resulted in higher and steeper 13 C-signals, thus leading to reliable OCTTs. A faster increase of the initial 13 CO 2 output leads to a shifting of the corresponding peak, resulting in an apparent OCTT shortening. These observations of an OCTT shortening after predosing strongly suggest a preceding induction of the enzyme activity as already described earlier (Wutzke et al, 1997) , although the induction theoretically does not influence the OCTT. In fact, the induction and the resulting faster, steeper, and higher 13 CO 2 appearance is necessary for a more precise evaluation of the OCTT.
A diagram of cellobiose-and glucose-ureide degradation is shown in Figure 6 . In a paper recently published by our Rostock group, Mohr et al demonstrated that, in contrast to our hypothesis of 1997 (Wutzke et al, 1997) , glucose ureide is exclusively degraded by Clostridium innocuum that in turn belongs to the ordinary human intestinal flora (Mohr et al, 1999) . C. innocuum probably synthesizes a yet unknown enzyme that splits the glucose-urea bond. We suggest that the term glucose ureide hydrolase is an appropriate designation for this enzyme (Mohr et al, 1999) .
For comparison of the OCTT of this study with our previous published values, we used the same OCTT definition of 42 DOB, whereas other authors prefer the detection of a significant rise of 42.5 standard deviation of 13 CO 2 above baseline (Wutzke et al; 1997; Geypens et al, 1999; Van den Driessche et al, 2000) .
When considering the results obtained from using 13 C-CU and 13 C-GU as substrates for evaluation of OCTT the differences to the previous study with lactose-[ C-tracer substances for measuring the OCTT in as much as no differences were observed on the basis of the OCTT data (283753 min) obtained with the '(g)old standard' 99m Tclabelled colloid (Geypens et al, 1999) . We conclude that the key substance and the key enzyme of sugar ureide degradation are glucose-[ Figure 6 ) the resulting OCTT data should be similar. 
